A biogenetic-type synthesis of 2-hydroxy-4,4,7-trimethyl-1(4H)-naphthalenone (1), a modified apocarotenoid isolated from Ipomoea pes-caprae (Linn.) R. Br. showing anti-inflammatory activity by inhibiting prostaglandin synthesis in vitro, is described. A biogenetic proposal for the natural occurrence of 1 is also presented.
The plant Ipomoea pes-caprae (Linn.) R. Br. belongs to a large family (Convolvulaceae) and grows prolifically creeping or trailing in sandy soil along the sea shores. All the parts of this plant are used in traditional medicine of many tropical countries for a wide variety of therapeutic applications [1] . The leaves in particular are widely used in treating skin infections, rheumatism and exhibit significant anti-inflammatory activity in experimental animal models with acute inflammation when applied topically [2] . The crude petroleum ether extract of the steam distillate of the dried leaves was found to be effective in a clinical study in patients with dermatitis caused by venomous jelly fish and also exhibited antiinflammatory activity by inhibiting prostaglandin synthesis in vitro [3] . Further, the bioassay-guided chromatographic separations of this crude extract led to the isolation of a diosphenol 1 along with three known compounds, all having inhibitory effect on prostaglandin synthesis. This is the first and the only report on the isolation of 1 as a natural product, although Davis et al. [4] have reported its fortuitous formation as a minor product while investigating the biogenetic origin of some isoprenoids isolated from tobacco. The structure assigned to 1 as 2-hydroxy-4,4,7trimethyl-1(4H)-napthalenone is well supported by an elaborate spectral data [3, 4] . The reported anti-inflammatory activity, lack of any report on synthesis and its biogenetic origin led us to undertake its biogenetic-type synthesis.
Biogenetically 1 can be considered as a bisnor-sesquiterpenoid however, the literature survey of known Ipomoea sesquiterpenoids [5] ruled out this possibility. We believe that 1 is a modified apocarotenoid.
Apocarotenoids is a group of natural products formed by oxidative cleavage of carotenoids by site specific cleavage dioxygenases (CCDs). Biologically and commercially important apocarotenoids include the phytohormone abscisic acid, the visual and signaling molecules retinal and retinoic acid and the aromatic volatile β-ionone [6] . Carotenoid cleavage enzymes CCD1 and CCD7 are known to cleave the 9,10 and 9,10 double bonds to form β-ionone Ipomoea pes-caprae [8] , suggests their biogenetic origin from β-carotene. We envisaged two pathways (A and B) as shown in Figure 1 . In the pathway A, the intermediacy of astaxanthin looks very attractive in view of the oxidation pattern of the terminal rings. Moreover, astaxanthin has been recently shown to occur but in a single plant source [9] , though its occurrence in bacteria and algae is most common. The biogenetic pathway B looked more promising in view of the co-occurrence of apocarotenoids with β-carotene [7]. Moreover, due to the commercial availability of and -ionones, we decided to check the validity of the pathway B and describe herein a short and elegant synthesis of apocarotenoid 1.
Figure 2
The key-step in our synthetic route ( Figure 2 ) was to prepare the intermediate 1,1,6-trimethyl-1,2,3,4-tetrahydronaphthalene (ionene) (2) from or -ionone by using the method of Bogert and Fourman [10] , similar to that used in our earlier report [11] on the synthesis of olivacene, a naturally occurring sesquiterpenoid.
Distillation of a commercial sample of -ionone in the presence of catalytic amount of iodine gave ionene 2 of 77% purity whereas ionone under similar conditions gave 2 of 95% purity [EI-MS: 174.0 (M + )] whose structure was confirmed by comparison of its spectral data with those reported in the literature [12, 13] . Benzylic oxidation of ionene 2 using CAN [14a] gave the required tetralone 3 but in low yield. However, oxidation of 2 using Jones reagent with a minor change in the procedure [15] proved to be comparatively a high yielding (70%) and reliable oxidative process. The identity of 3 was established by superimposition of IR, 1 H NMR and direct comparison (TLC) with an authentic sample prepared from toluene in seven steps [16] . The present synthesis of tetralone 3 is shorter and efficient than the earlier reported synthetic routes [16, 17] . The final step involving oxidation of the carbon adjacent to the carbonyl of 3 to give diosphenol 1 was achieved by two alternative methods: oximination-hydrolysis [14b,18] and Barton oxidation [19] . In the first method, oximination of tetralone 3 with NaNO 2 /HCl gave 4,4,7-trimethyl-2-oximino-1-tetralone (4). The 1 H NMR spectrum of 4 clearly supported the change from 3 to 4. For example, the triplet due to C-2 methylene at δ 2.62 in 3 disappeared while the triplet due to C-3 methylene at δ 1.91 in 3 shifted downfield and appeared as a singlet at δ 3.00 in 4. Although the GC-MS of 4 did not show the expected molecular ion peak, the base peak (m/z 186) and the mass fragmentation pattern (Figure 3 ) supported the proposed structure 4. Hydrolysis of the oxime 4 using pyruvic acid in refluxing acetic acid [18] gave 1 in 54% yield. However, in the second method we could get almost quantitative yield of 1 when the tetralone 3 was directly oxidized using Barton oxidation. This reaction, though previously reported [19, 20] , was optimized by purging oxygen through a solution of potassium t-butoxide and the tetralone 3 in dry THF at room temperature for 30 min to give 1 in 98% yield. The structure of synthetic 1 was confirmed by comparison of its MP and spectral data (IR, 1 H-and 13 C NMR, EI-MS) which are in good agreement with the corresponding reported data [3, 4] .
Experimental
General: Commercial grade and -ionones were obtained from Industrial Perfumes Limited, India. Melting points were determined in open capillary tubes and are uncorrected. IR spectra were recorded on a Shimadzu 8101A FT-IR and Perkin-Elmer IR 298 spectrophotometers in cm -1 . 1 H and 13 C NMR spectra were recorded in CDCl 3 at 300 and 75 MHz respectively on a Bruker WT 300 FT-NMR and Varian U-300 spectrophotometers. Chemical shifts are expressed in parts per million () values relative to TMS as the internal standard. The solvent petroleum ether used refers to hydrocarbon fraction having BP range 40-60 o C. All yields refer to pure isolated products. 1,6-Trimethyl-1,2,3,4-tetrahydronaphthalene (2) : -Ionone (19.2 g, 0.1 mol) was heated with catalytic amount of iodine (0.1 g, 0.4 mmol) in a distilling flask fitted with a thermometer dipping into the liquid. When the temperature of the solution reached 110-120 o C, an exothermic reaction started with the evolution of steam. Heating was discontinued for a while. When the reaction subsided, heating was continued and the distillate was collected until the temperature reached 250 o C. The cooled distillate was washed with dilute Na 2 S 2 O 3 solution (2  10 mL), water (2  10 mL) and dried over anhydrous Na 2 SO 4 . Further purification was achieved by using silica gel column chromatography and elution with petroleum ether gave 11.43 g (66% yield) of the product which on GC-MS analysis indicated to be 1,1,6-trimethyl-1,2,3,4tetrahydronaphthalene (2) 
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4,4,7-Trimethyl tetralone (3):
Ionene 2 (6.34 g, 0.036 mol) was dissolved in acetone (40 mL) in a three neck flask fitted with a thermometer and a dropping funnel. The reaction mixture was cooled to 5 o C by immersing the flask in an ice bath and Jones reagent (89 mL) was added slowly over a period of 30 min while stirring the reaction mixture vigorously using an overhead stirrer. The temperature was maintained between 5-15 o C throughout the reaction. As green solid of chromium sulfate began to appear, anhydrous MgSO 4 (16 g, 0.133 mol) was added which could absorb the water formed and keep the salt in suspension to ensure uniform stirring [15] . After a period of 6 hours, the reaction mixture was filtered and the residue was extracted with ether (3  20 mL). The combined ether extracts and the filtrate were neutralized with saturated NaHCO 3 solution (3  15 mL), washed with water (2  10 mL) and dried (Na 2 SO 4 ). Evaporation of the solvent gave 4. 
4,4,7-Trimethyl-2-oximino-1-tetralone (4):
A cooled solution of NaNO 2 (1.0 g) in 3M HCl (7 mL) was added to 3 (0.328 g, 2 mmol) in ethanol (20 mL) at 0C. After stirring at 5C for 2 hours, ethanol was distilled off, diluted with water, neutralized with saturated solution of NaHCO 3 and extracted with ether (3  50 ml). The organic phase was washed with water (2  20 ml), dried (Na 2 SO 4 ) and concentrated to give a residue, which was chromatographed over silica gel and eluted with benzene to give unreacted 3 (0.14 g). Further elution with benzene-ethyl acetate (4:1) gave a white solid which was recrystallized from benzene-petroleum ether to afford 4,4,7-trimethyl-2-oximino-1-tetralone (4) (0.06 g, 28% based on 
2-Hydroxy-4,4,7-trimethyl-1(4H)-napthalenone (1). Method 1:
A mixture of 4,4,7-trimethyl-2-oximino-1-tetralone (4) (0.03 g, 0.14 mmol), acetic acid (2 mL), pyruvic acid (0.1 mL) and water (0.5 mL) was refluxed for 12 hours. The cooled reaction mixture was decomposed with ice and extracted with ether (3  10 mL). The organic phase was washed with saturated NaHCO 3 solution, water and dried (MgSO 4 ). Evaporation of the solvent yielded crude 1 which on recrystallization afforded pure 2-hydroxy-4,4,7-trimethyl-1(4H)-naphthalenone (1) (0.015 g, 54%).
Method 2:
Polished potassium metal (0.49 g, 12.513 mmol) was added to dry t-BuOH (5 mL) at room temperature while stirring and then the temperature was raised to about 60 o C. The cooled milky white paste of t-BuO -K + obtained was dissolved in dry THF (10 mL). Solution of the tetralone 3 (0.5 g, 2.66 mmol) in dry THF (5 mL) was added and the reaction mixture was purged with O 2 at room temperature until complete conversion (monitored by TLC) was observed (30 min). The reaction mixture was poured in ice cold water, acidified with 2M HCl, extracted with ether (3 20 mL), washed with water (2  10 mL) and dried (Na 2 SO 4 ). Evaporation of the solvent gave crude 1 (0.525 g, 98%). Recrystallization with hexane gave colorless needles of 1. 
